Abstract. The factors influencing the risk of acquisition of Helicobacter pylori infection are not well established. One hundred four children (0-17 years of age) requiring an endoscopy for the evaluation of gastrointestinal symptoms had demographic and dietary data collected and biopsy specimens of the gastric antrum stained for the identification of H. pylori. The 52 (50%) infected subjects were significantly older than the uninfected ones with no difference in gender, crowding, source of drinking water, or exposure to domestic animals. Increased prevalence of infection was associated with increased consumption of food from street vendors, and decreased consumption of fruits in the subgroup that denied consuming food from street vendors. No association was found with consumption of fish, chicken, beef, beans, vegetables, rice, cheese, milk, and unboiled water. These findings support the role of food prepared under unhygienic conditions as a probable mechanism of transmission of H. pylori in developing countries.
Since its isolation and characterization in 1983, 1 Helicobacter pylori has emerged as one of the most common chronic bacterial infections. Worldwide it affects at least half of the population, most infections occurring in the first decade of life. 2 The bacterium resides in the gastric mucosa and persistence of the infection has been associated with peptic ulcer disease and gastric carcinoma. 3 The epidemiology of the infection has been well described, but little is known about the source or mechanism(s) of infection. Humans are the only known reservoir for H. pylori, and clustering of infected subjects within family groups supports the notion that close person-to-person contact might be important in the transmission of the infection. 4 The recent isolation of H. pylori from domestic cats has, in addition, raised the possibility that animals might be reservoirs for this bacterium. 5 Finally, at least in developing countries, water 6 and vegetables 7 have been implicated as potential routes of transmission of the infection, and H. pylori has been detected in drinking water specimens from Peru. 8 The viability of these organisms, however, is unknown.
In Lima, Peru, the prevalence of H. pylori is high with 50% of the population infected by 10 years of age. 6 We recently reported on the clinical aspects of H. pylori infection in Lima, Peru. 9 Here we report on the epidemiologic factors, dietary practices, and their association with the risk of infection.
METHODS
The study population has been previously described. 9 Briefly, between October 1994 and October 1995, children were enrolled from a group of patients attending the Pediatric Gastroenterology Clinic at Instituto de Salud del Niño in Lima, Peru, a tertiary-care pediatric referral center for the Lima area. The population served is composed by poor inner city children of native Indian and Spanish ancestry (mestizo). The study was approved by the Institutional Review Board of Instituto de Salud del Niño. Consent was obtained from the parents of all participating children, and from children more than seven years of age.
Patients seen for diverse abdominal complaints and requiring an upper gastrointestinal endoscopy as part of their evaluation had two biopsies obtained from the stomach antrum and stained with hematoxylin and eosin and WarthinStarry silver stains for the detection of H. pylori, as previously described. 9 Demographic and dietary data were also obtained from the participating subjects including age, gender, size of the household, contact with domestic animals (dogs, cats, birds, others), source of drinking water (intradomiciliary versus extradomiciliary), and the frequency of consumption (never, once a month, once a week, and more than once a week) of the following items: fish, chicken, beef, vegetables, beans, fruits, rice, cheese, milk, chili, unboiled water, and food from street vendors. The information was collected using a standardized one-page questionnaire that was self-administered while in the waiting room and subsequently verified by interview by one of the investigators (JLG) during the clinical visit. As explained to the participants, the dietary data provided was expected to represent current practices.
Statistical analyses were performed using the program Epi-Info 6 (Centers for Disease Control and Prevention, Atlanta, GA). Comparison of epidemiologic characteristics between H. pylori-infected and uninfected subjects was done using the Kruskal-Wallis rank sum test for continuous nonnormally distributed data, and the chi-square test with Yates' correction or the Fisher's exact test (when an expected cell value was less than 5) for binary data. The association between increasing exposure to dietary factors and the prevalence of infection (dose-response) used the Extended Mantel-Haenszel chi-square, test which measures the departure of a linear trend from horizontal (i.e., no trend). 10 Since age increases the prevalence of infection and might also influence the consumption of some of the food items, the dietary variables significantly associated with H. pylori infection were then re-analyzed adjusting for age by stratification; age strata used the quartile distribution of the data (age in years: 0-2, 3-7, 8-12, and 13-17). A P value Ͻ 0.05 was considered significant for two-tailed tests.
RESULTS
Of the 107 patients originally reported, 9 three were excluded because of faulty dietary information leaving 104 evaluable patients. Their mean age was 7.7 (range ϭ 0-17) years and 60 (58%) were males. The reasons for endoscopic (14), esophageal dilatation (7), caustic ingestion (6), foreign body ingestion (4), anemia (3) and others (6) .
Of the 104 evaluable patients, 52 (50%) were infected with H. pylori as determined by histology. The infected subjects were significantly older than the uninfected ones. Otherwise, there was no difference in terms of gender, crowding (measured as the number of occupants per room in the household), source of drinking water (intradomiciliary versus extradomiciliary) or exposure to domestic animals ( Table  1) . Table 2 shows the proportion of infected individuals according to their degree of consumption of different food items. A significant association was found between consumption of food from street vendors and an increased prevalence of H. pylori infection (P ϭ 0.007), and a marginal association was found with consumption of chili (P ϭ 0.06). Because of the way the questionnaire had been designed, the dietary information did not separate the food items consumed specifically from street vendors; thus, it was not possible to evaluate their possible association with transmission of the infection. On the other hand, analysis of food consumption among subjects denying eating food from street vendors (Table 3) showed a significant negative association (protective effect) between consumption of fruits and infection rate (P ϭ 0.03).
The results of age-adjusted analyses are shown in Table  4 . Consumption of food from street vendors remained significantly associated with H. pylori infection (P ϭ 0.03), Consumption of fruits remained protective for the group denying eating food from street vendors (P ϭ 0.045), and consumption of chili became nonsignificant (P ϭ 0.44).
DISCUSSION
The overall rate of H. pylori infection was 50% in this cohort of Peruvian children as has been previously described. 6 As expected, there was an increased prevalence of infection with age. This is a well-described phenomenon the meaning of which, however, remains unclear. Obviously, aging does not cause infection but there must be some external (maybe environmental) factor(s) to which the subject is either constantly or increasingly exposed with age.
Evaluation of dietary factors suggested that eating food from street vendors might be implicated in the acquisition of the infection. This variable had a dose-response effect that remained significant even after adjustment for age. The unhygienic conditions in which food is prepared and dispensed by street vendors are well known and have been previously implicated in outbreaks of diarrheal illnesses. 11 Even though this was the only variable found significant, others must also be important since 38% of the subjects denying consuming food from street vendors were also infected. We could not verify the accuracy of this information and it reflected only current practice, but it did not negate that food from street vendors could have been consumed by the subject in the past. Unfortunately, because of the questionnaire design, we could not implicate any specific food item from street vendors in the transmission of the infection. Interestingly, the consumption of fruits showed a significant negative association (or protective effect) with the rate of infection among the subjects that reported not to have eaten food from street vendors. Fruits that are peeled shortly before consumption are specially recommended for travelers as a mean to decrease the risk of acquiring intestinal infections. 12 A recent study among children in rural Colombia also found consumption of fruits negatively associated with H. pylori infection. 13 However, these investigators had a different inter- pretation for their data, hypothesizing that antioxidants (e.g., vitamin C) in the fruits might protect against acquisition of the infection.
The association between consumption of chili and the prevalence of H. pylori infection was specifically investigated because it is common belief in some regions of Peru that those who eat chili are prone to develop peptic ulcer disease. On initial analysis a marginal association was found, but it became nonsignificant when the analysis was adjusted for age. This finding, however, does not necessarily negate an association since, as mentioned before, aging per se does not lead to infection but must be a marker for other factor(s). One important characteristic of H. pylori is its ability to change into a coccoid form that might allow the organism to survive under adverse environmental conditions. 14 Spicy, seasoned foods are known to provide a medium unsuitable for most enterobacteria; however, to our knowledge, the survival of H. pylori has not been investigated.
Evidence from previous studies have favored a role of water in the transmission of the infection. For example, H. pylori has been found to survive in water and saline for more than 10 days. 15 Also, studies undertaken in Lima have implicated water from extradomiciliary sources in the acquisition of the infection, 6 and H. pylori has been detected in drinking water. 8 Our study specifically inquired about consumption of untreated water, home-made popsicles (usually prepared with untreated water) and extradomiciliary sources of drinking water, and did not find an association with these variables. Uncooked vegetables have also been implicated in the transmission of the infection, as recently reported in Chile 7 and Colombia. 13 In our series, consumption of vegetables (mostly uncooked) was not identified as a risk factor. Further studies might be necessary to elucidate these issues. Food items that involve cooking (e.g., beef, fish, chicken, and beans) or industrial processing (e.g., milk and cheese) were consistently not associated with infection.
The effect of socioeconomic status could not be evaluated in our study since all children were similar for those variables. Crowding, measured as the number of occupants per room in the household, was not a risk factor of infection in our study. This is in contrast to other reports 16, 17 in which households with more than one person/room were found infected more frequently. We believe that overcrowding in our study population (78% of the families reporting Ͼ one person/room) might have obscured any possible effect of this variable. Finally, the recent isolation of H. pylori from the gastric mucosa of cats 5 raised the possibility of animal reservoirs in the transmission of the disease. However, neither our study nor others 17 have found an association between contact with domestic animals and acquisition of the infection.
The findings in our study are subject to a number of potential limitations that should be mentioned, some inherent to the case-control cross-sectional design used. 18 The population studied was selected from hospital outpatients with chronic abdominal complaints, and they might not be representative of the overall population. The dietary information was collected by recall and referred to current practices, which might not be pertinent to an infection acquired some time in the past. Although the dietary variables were chosen because they represent most common food items among the study population, we might have missed some important variables or failed to control for interactions between the variables.
Despite these limitations we believe our findings support the role of food prepared under unhygienic conditions as a probable mechanism of transmission of H. pylori in developing countries and identify food from street vendors as probable sources. However, the specific food items, including water, could not be elucidated from this study.
